Further host range studies with the carrot virus are described. The aphid Cavariella aegopodii Scopoli transmitted the virus to several non-umbelliferous species, but failed to recover the virus from these species. It was observed, however, that they were extremely unpalatable and possibly toxic to the vector.
I. INTRODUCTION
In earlier studies with a virus disease of carrot in Victoria the author reported failure to transmit the virus mechanically or to infect plants outside the family Umbelliferae (Stubbs 1948 ). The present paper records the results of additional host range studies, which were undertaken primarily with the object of establishing the identity of the virus.
II. MATERIALS AND METHODS
The' aphid Cavariella aegopodii Scopoli, which is the only known vector of the virus, was used exclusively in all insect transmission studies with nonumbelliferous species.
Most infections were obtained when vigorous aphids, bred on recently infected carrots, were used to inoculate test species. Groups of 10-20 aphids were normally fed on test plants, the number used varying according to the size of the plant.
A starvation period of about 24 hr., preferably at a temperature of 50-55°F., induced infective aphids to feed on species unpalatable to them in an unstarved condition.
Small feeding cages just large enough to enclose the test plants were used as it was found that aphids were restive in larger cages and frequently deserted the plant after a short preliminary feed.
In species that proved susceptible to the virus, small, vigorously growing test plants were easier to infect and developed more severe symptoms than larger plants.
The results of many experiments, conducted over a period of 3 years, showed that successful transfers were not consistently obtained if any of the above factors were neglected. It was also found that disease symptoms were more intense and less transient when the plants were inoculated during the cooler months of the year. Tobacco (var. Hickory Pryor) .-Local necrotic feeding lesions, frequently surrounded by a chlorotic halo, appeared on older leaves 8-13 days after inoculation. Systemic symptoms were observed 20-40 days after inoculation. They consisted of vein clearing followed by vein necrosis on young leaves, followed by severe blistering, distortion, and downward cupping of the lamina around the midrib (Plate 1, Fig. 1 ). Systemic symptoms did not always develop, and they decreased in severity with age and were subject to temperature masking.
(b) Petunia (var. Rose of Heaven, Fluffy Ruffles) .-Symptom manifestation appears to be influenced by the age of the plant, air temperature, and nutrition. The most severe symptoms occurred on young plants inoculated during the winter. They consisted of tan or buff-coloured necrotic ring and line patterns, which commenced on the oldest leaves and progressed acropetally as these leaves shrivelled and died (Plate 2, Fig. 1 ). Symptoms were llsually evident 15-18 days after inoculation.
In one experiment the growth rate of infected seedling plants was accelerated by repotting and watering with a nutrient transplanting solution. These plants made a temporary recovery under low-temperature conditions. A bright yellow vein mottle appeared after 3 weeks of symptom masking, and the original necrotic symptoms a fortnight later.
Primary feeding lesions, in the form of chlorotic blotches, or slate or buffcoloured necrotic areas, were sometimes recorded on larger plants. As with the above species they appeared only on the oldest leaves. Systemic symptoms usually commenced as a light and dark green mottle (Plate 3, Fig. 1 ), but necrotic shock symptoms were observed occasionally. With rising temperatures these were superseded by yellow vein symptoms, which were themselves masked by consistently high temperahlres (Plate 2, Fig. 2 ). Severe necrotic symptoms reappeared when plants with masked symptoms were grown under lowtemperature conditions (Plate 3, Fig. 2 ).
( c ) Datura stramonium.-Systemic vein-clearing symptoms, restricted initially to segments on the young leaves, were observed 14-16 days after inoculation. Necrotic or chlorotic feeding lesions were sometimes recorded. Veinclearing symptoms were followed by a mosaic mottle On the young leaves, which later became disto~ted and' cupped downwards about the midribs. Characteristic stem distortions, consisting of constrictions alternating with necrotic eruptive areas, developed 4-6 weeks after inoculation (Plate 3, Fig. 3 ). The necrotic areas were brown in colour, and ultimately split longitudinally to' form cankers (Plate 3, Fig. 4 ). The plants usually died soon after these symptoms developed.
.
(d) Capsicum annuum.':-'Small, red, circular feeding lesions appeared on the older leaves 12-14 days after inoculation. Systemic symptoms consisting of a light and dark green mottle, with slight blistering and distortion of the young leaves, appeared about 7 days later. Chlorotic rings appeared transiently on the older leaves and complete symptom masking occurred with rising temperatures.
(e) Nemesia.-Yellow or red vein banding and leaf distortion symptoms were recorded. Temperature masking occurred.
IV. VIRUS TRANSMISSION BY SAP INOCULATION
Following extension of the host range of the virus to non-umbelliferous species, a further attempt was made to effect its mechanical transmission. The possibility of a virus inhibitor in the sap of umbelliferous hosts was also considered as an explanation of previously reported transmission failures (Stubbs 1948) .
Successful transmissions were obtained initially, when undiluted sap from experimentally infected petunia was rubbed on the leaves of young tobacco plants, previously dusted with aloxite abrasive (600 mesh). The virus is, however, difficult to transmit, as at least 50 per cent. of inoculations over a period of 2 years produced negative results. These transmission failures are attributed to subminimal concentrations of virus in the sap of the host plants.
In one experiment comparative inoculations were made with sap from petunia, tobacco, and D. stramonium, which were infected at the same time and grown under similar conditions. The two latter species and carrot (var. Chantenay) were used as test plants. Infections were recorded only on tobacco rubbed with petunia extract. In a later experiment sap from recently infected tobacco produced symptoms on both tobacco and D. stramonium: However, further comparative inoculations indicated that virus activity was greater in petunia than in tobacco extracts, and tobacco proved most suitable for use as a test species because of local lesion production.
In petunia, the highest virus concentration, as indicated by the number of local lesions on rubbed tobacco leaves, occurred in undiluted sap from young, severely affected plants. When the sap was diluted with an equal volume of water the number. of local lesions and the severity of systemic symptoms were considerably reduced. Infective petunia sap diluted with an equal volume of phosphate buffer (pH 7), produced a higher percentage of systemically infected tobacco plants than sap diluted with buffer + 0.1 per cent. sodium sulphite or water.
The infectivity of petunia sap was reduced, but not destroyed, when diluted with an equal volume of sap from healthy or infected carrot leaves. It was observed, however, that undiluted carrot" sap caused considerable injury on tobacco, even when the leaves were washed with water immediately after inoculation. It is possible, therefore, that the apparent reduction in infectivity of the petunia sap may be due to this factor. It was also observed that carrot sap did not cause excessive injury when inoculated on carrot leaves, yet infection did not occur.
Symptoms on mechanically inoculated tobacco leaves consisted of .local lesions in the form of faint chlorotic rings, which appeared 8-10 days after inoculation. Even the most active preparations produced relatively few lesions, and then only on the oldest leaves (Plate 1, Figs. 2 and 3) .
The occurrence or severity, or both, of systemic symptoms appeared to be related to the virus activity of the inoculum as indicated by the number of local lesions produced. When recorded, they were similar to, but milder than, those resulting from aphid inoculations. The removal of older leaves from tobacco plants showing mild symptoms increased symptom expression on the younger leaves, whilst topping intensified ring and line patterns on the older leaves.
Mechanically infected D. stramonium also produced mild leaf symptoms. The plants were less dwarfed than those infected by aphids, but necrotic stern symptoms were of similar intensity. The results of mechanical transmission experiments in which infections occurred are recorded in Table 2 .
V. ATTEMPTED RECOVERY OF VIRUS FROM SOLANACEOUS HOSTS ( a) M echanical Inoculation
As reported above, all attempts to infect carrot by sap inoculation from experimentally infected petunia, tobacco, and D. stramonium have been unsuccessful.
(b) Aphid Inoculation In attempts to recover the virus from the above solanaceous hosts, groups of non-infective C. aegopodii were caged on these plants for periods of 1-3 days. Even with a prior period of starvation the aphids fed only intermittently on these obviously unpalatable species. Mortality was greatest on tobacco, possibly because of the hairiness of its leaves, and least on D. stramonium. At the conclusion of an infection feed the surviving aphids were invariably in a weakened condition, but usually recovered after transfer to carrot or slender celery (Apium ammi (J acq.) Urb.) test plants. A minimum of 10 aphids was used in each transfer and the duration of the test feed was never less than 5 days. No infections were recorded in transfers conducted over a 2-year period.
( c) Dodder Linkage From preliminary work this method would appear to offer the greatest hope for recovery of the virus. Its use is complicated, however, by two unfavourable factors. Firstly, the species of dodder used (C. polygonorum Engelm., C. campestris Yuncker, C. tasmanica Engelm.) grow most vigorously during the summer when symptom masking occurs in the suspected solanaceous hosts of the carrot virus. Secondly, the dodder itself appears to become infected. In one experiment C. polygonorum parasitizing infected petunia developed stem distortion and brown necrotic streak symptoms similar to those observed on D. stramonium. After the development of symptoms haustorial production ceased, and the plants seeded prematurely, thus preventing linkage with test plants. On another occasion, however, linkage was effected between infected Nickell (1948) of successful grafts between unrelated plant species, attempts were made to graft infected petunia to carrot.
In the first experiment holes were drilled to a depth of approximately ~ in. in the root crowns of young, healthy carrots with a flame-sterilized metal drill ~ in. in diameter. The outer bark tissues were removed from the basal portions of healthy and infected petunia tip-cuttings, which were slightly more than ~ in. in diameter. These scions were then inserted into the holes in the carrot roots and surface-sealed with melted microcrystalline paraffin wax. The grafted plants were held in a warm humid chamber for 3 weeks and then removed to a cool greenhouse for observation.
One carrot plant of six grafted developed typical virus symptoms. Infection was subsequently confirmed by aphid transmission to slender celery.
In a subsequent experiment the cleft grafting technique was used. Petunia scions were inserted into the carrot crown tissues immediately below the junction of the petioles with the roots. Each petunia scion was pierced by a needle with a thread of candlewick cotton attached. The loose end of the cotton was immersed in a reservoir of nutrient solution throughout the experiment. As in the previous experiment, graft unions were not observed, but one infection was recorded. The control plants remained healthy.
VI. PERSISTENCE OF THE VIRUS IN C. AEGOPODII FED ALTERNATELY
ON D. STRAMONIUM AND CARROT It has been reported elsewhere (Stubbs 1948 ) that the carrot virus is extremely persistent in its vector. It would be expected therefore that indirect evidence regarding the identity of the virus transmitted to solanaceous hosts would accrue from a study of its persistence in the vector.
With this objective aphids bred on infected carrot were transferred serially to carrot and D. stramonium test plants. Initially, groups of 20 infective aphids were starved for 24 hr. before the first test feed. After a test feed of 4 hr. they were transferred to moist filter pads in cellophane-covered petri dishes and starved for the 20 hr. preceding the next transfer. In the second serial transfer those aphids which had fed on carrot test plants were transferred to Datura and vice versa. This alternation of short test feeds on carrot and Datura, which continued for the duration of the expenment, was designed to minimize the apparent toxic effect previously observed on aphids fed on solanaceous species for long periods. The experiment was continued until most of the aphids had died.
It was observed that aphids lost vitality in one test feed on Datura but regaine~ it in the following feed on carrot, that infections occurred on both carrot and Datura in each serial transfer throughout the experiment, that in all except transfers 1 and 2 a higher percentage of infections occurred in Datura than in carrot, and that the symptoms observed on Datura even after the aphids had been removed from the infection source for 8 days were identical with those described above. The experimental details are recorded in Table 3 . t Aphids removed from plants at conclusion of test feed and starved over week-end.
VII. DISCUSSION
The consistent transmission by C. aegopocZii of a virus from infected carrot to several non-umbelliferous species does not in itself provide sufficient evidence to identify this virus with the carrot virus. The fact that the vector failed to recover the virus from solanaceous species could be interpreted as evidence that it is distinct from the carrot virus, or that the latter underwent some chemical or structural change in these hosts. However, from further evidence presented it seems unlikely that such deductions would be plausible.
Failure of the vector to acquire the virus from unpalatable species could be due to its inability to obtain a minimal infecting dose in a series of short, starvation-induced feeds. It is also possible that substances toxic to the vector occur in these hosts, "which may reduce temporarily its ability to transmit. In the experiment described above, where infective aphids were fed alternately on carrot and Datura test plants, it was observed that aphids fed on Datura for 4-hour periods were in a weakened condition. This was reflected in the lower percentage of infections on carrot in the succeeding transfer. A similar example of unpalatability or toxicity, or both, to the vector was reported earlier for an umbelliferous species, Conium macl.llatum L. (Stubbs 1948) . The virus was recovered with difficulty from this species.
The only direct evidence of virus recovery was obtained by means of heteroplastic grafts between experimentally infected petunia and healthy carrot. The single infections, recorded in each of two experiments conducted under insect-free conditions and with equal numbers of controls, may have resulted from temporary unions of the stock and scion tissues. This evidence must, however, be regarded as inconclusive.
The contention that only one virus, the carrot virus, is responsible for experimental infections produced in non-umbelliferous hosts, is supported by the following indirect evidence:
( 1) The same range of symptoms has been produced on each host by infective aphids collected in many different localities. (2) Symptom masking occurs on these hosts, as on umbelliferous hosts, when exposed to high-temperature conditions. ( 3) Infections were produced on Datura and carrot by aphids removed from an infection source for as long as 8 days. It would appear improbable, therefore, that any other virus could be involved, and reasonable to accept the above experimentally infected species as alternate hosts of the carrot virus. Tobacco, pehmia, and D. stramonium may be regarded as good differential hosts, in the event of the virus being recorded outside Australia.
The virus has characteristics in common with viruses of the sugar beet yellows (Watson 1940) or sugar beet yellow-net (Sylvester 1948) type. These viruses are characterized by their restricted host range and long persistence in their vectors. They are difficult to transmit, or are non-transmissible by mechanical methods of inoculation, and appear distinct from non-persistent aphidtransmitted viruses. In regard to nomenclature, therefore, it is considered undesirable to use the name carrot mosaic for the carrot virus. As the name carrot yellows is already used in America for a disease caused by the aster yellows virus (Severin 1932) , it is proposed to apply the name carrot motley dwarf virus to the disease. The adjective motley, meaning "diversified in colour," is used to describe autumn tinting of the foliage. Dwarfing and foliage tinting are regarded as the main diagnostic features of the disease.
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